Objectives-To determine the eVect of phototherapy on the oxygen consumption and resting energy expenditure of term and preterm newborn infants. Methods-A total of 202 infants (gestation 30-42 weeks; body weight 1270-4100 g) requiring phototherapy for the treatment of neonatal hyperbilirubinaemia were enrolled in a randomised crossover study. In random sequence, the oxygen consumption and resting energy expenditure were measured twice in each infant by indirect calorimetry, once at the end of six hours of continuous phototherapy and once after a control period of at least six hours without phototherapy. Anterior abdominal wall temperature was servocontrolled at 36.5°C throughout the study. Results-At the end of six hours of continuous phototherapy, oxygen consumption (mean (SD): 6.21 (1.35) v 6.26 (1.51) ml/kg, p = 0.555) and resting energy expenditure (178.11 (37.62) v 180.37 (43.14) kJ/kg/24 h, p = 0.382) did not diVer significantly from those measured after the control period. There were also no significant diVerences in heart rate, respiratory rate, or rectal temperature. Subgroup analysis of those of gestation < 37 weeks or < 34 weeks also showed no eVect of phototherapy on either oxygen consumption or resting energy expenditure. Conclusion-Phototherapy has no eVect on the metabolic rate of thermally stable term or preterm infants. (Arch Dis Child Fetal Neonatal Ed 2001;85:F49-F52) Keywords: phototherapy; oxygen consumption; resting energy expenditure; preterm Phototherapy may aVect the energy metabolism and oxygen consumption of newborn infants by a number of mechanisms. The photo-oxidation of bilirubin in the skin is an oxygen consuming process, and it has been shown that photo-energy accelerates the oxidation of fatty acids.
Phototherapy may aVect the energy metabolism and oxygen consumption of newborn infants by a number of mechanisms. The photo-oxidation of bilirubin in the skin is an oxygen consuming process, and it has been shown that photo-energy accelerates the oxidation of fatty acids. 1 The metabolic eVect of phototherapy, however, appears to be mediated mainly through changes in the infant's thermal environment. Part of the photo-energy, especially that near the infrared range, is converted into heat energy which increases the environmental and skin temperature of the infant. 2 3 Overheating may increase metabolic rate as a result of elevation of the body temperature and increase in insensible water loss. A profound increase in evaporative water loss is seen when sweating is elicited by a rise in body temperature in newborns. 4 Even without apparent sweating, infants undergoing phototherapy exhibit a significant increase in peripheral blood flow 5 and transepidermal insensible water loss. A rise in body temperature may also increase respiratory rate and minute ventilation, 5 6 leading to increased respiratory water loss. 5 7 The increase in evaporative water loss through the skin and respiratory tract consumes a substantial amount of heat energy in the form of latent heat of evaporation, and the increase in muscle activity caused by increased respiratory rate and the discomfort resulting from overheating also increases metabolic rate. 8 It has been estimated that, in newborns, approximately 2.42 J of heat is dissipated for each gram of water evaporated. 9 10 The thermal eVect on insensible water loss is particularly pronounced in preterm and low birth weight infants 5 7 9 11 12 because of skin factors, including larger surface area in relation to body weight, thinner epidermis, larger water content, and greater permeability.
The thermal eVect of phototherapy can be minimised by maintaining a stable environmental temperature using devices such as a plastic blanket or Perspex heat shield. [13] [14] [15] [16] Kjartansson et al reported that, in both full term and preterm infants whose skin temperature was maintained at a constant level by servocontrol, phototherapy was not associated with any significant change in oxygen consumption or water loss through the skin 17 or the respiratory tract. 18 This study, however, included only a relatively small number of infants who had received phototherapy for a short time (one hour) before measurement. To evaluate the eVect of phototherapy on the energy metabolism of newborns, the present study was carried out to study the oxygen consumption and resting energy expenditure of a group of full term and preterm infants after prolonged phototherapy.
Subjects and method
The study was approved by the clinical research ethics committee of the Chinese University of Hong Kong. Stable full term or preterm infants admitted consecutively to the neonatal unit for treatment of hyperbilirubinaemia with phototherapy were enrolled if the following criteria were satisfied: absence of haemolysis or coexisting illness; being fed exclusively on formula milk; parental consent. Infants with the following conditions were excluded: abnormal rectal temperature (> 37.5°C or < 36.5°C); major congenital anomalies; perinatal asphyxia (Apgar score < 7 at one or five minutes after birth); confirmed or suspected sepsis, or presence of risk factors for infection including prolonged rupture of amniotic membrane for > 18 hours, and maternal infection or fever; maternal metabolic diseases including diabetes mellitus and hyperthyroidism or hypothyroidism; requiring assisted ventilation, supplemental oxygen, intravenous fluid, or any medication. In random sequence determined by the computer, oxygen consumption and energy expenditure of each infant was measured twice consecutively. One measurement was taken during phototherapy after the infant had received the treatment continuously for six hours. The other measurement was obtained after a control period of at least six hours. The latter measurement was performed either before the start of phototherapy or after the phototherapy light had been turned oV for at least six hours. Randomisation was carried out using the sealed envelope method. Throughout the study, the infant was nursed naked inside a double walled infant incubator and monitored electronically for heart rate, respiratory rate, and rectal temperature. The values of these variables were recorded immediately before each calorimetry measurement. Each infant was given the same amount of formula feed at three hour intervals. A thermistor was attached to the anterior abdominal wall to maintain the skin temperature at 36.5°C using the servocontrol device of the incubator. The thermistor was protected from the phototherapy light with a heat reflecting adhesive patch. The relative humidity and temperature of the environment were maintained at 60% and 26°C respectively, with no extra humidification being added to the inside of the incubator. The radiant energy emitted from the phototherapy units was 8.1-14.5 µW/cm 2 /nm at the level of the infant, as measured with a phototherapy radiometer (Fluoro-lite Metre; Airshield-Minolta, Hatboro, Pennsylvania, USA).
Oxygen consumption (VO 2 ) and carbon dioxide production (VCO 2 ) were measured by indirect calorimetry using a Deltatrac metabolic monitor (Deltatrac II MBM-200; Instrumentarium Corp, Helsinki, Finland). During measurements, the infant was covered with an airtight transparent plastic canopy. The metabolic monitor generated a constant airflow of 3 litres/min through the canopy and back to the monitor. All the exhaled gas was collected into this constant flow. VO 2 and VCO 2 were calculated every minute from the diVerence in the oxygen and carbon dioxide concentration of the inhaled and exhaled gas respectively, after adjustment to standard temperature (0°C) and pressure (760 mm Hg or 101.3 kPa) conditions. The calculation of resting energy expenditure (REE) was based on the Weir formula 19 with modification by the manufacturer: REE = 5.50VO 2 + 1.76VCO 2 −1.99U N where U N is the urinary nitrogen excretion in g/24 h. Urinary nitrogen excretion was considered to be negligible in the calculation because the amount is small in the first few days of life and the measurement error resulting from its omission is less than 1%. 20 Each measurement was continued for 15 minutes, and the mean value of each variable obtained. All the measurements were carried out about two hours after a feed when the infant was asleep or in a quiet non-agitated state. None of the infants was given any sedation.
The measurements obtained on the two occasions were compared by paired t test. All values are expressed as mean (SD). DiVerences were considered to be statistically significant if the error was 5% or less.
Results
The study infants had a gestational age of 37.2 (2.8) weeks (range 30.1-42.1) and birth weight of 2780 (676) g (range 1400-4100). Postnatal age and body weight at the time of the study were 4.8 (2.1) days (range 1-11) and 2740 (701) g (range 1270-4052) respectively. The birth weights of all the infants were appropriate for gestation, as determined from the local gestation specific birth weight chart.
21 Table 1 gives the variables measured at the end of either six hours of continuous phototherapy or the control period. Thermal stability was maintained by servocontrol throughout the experiment, and rectal temperatures were similar on the two occasions (p = 0.122). There were no diVerences in heart rate (p = 0.572), respiratory rate (p = 0.233), VO 2 (p = 0.554), VCO 2 (p = 0.223), or the calculated resting energy expenditure (p = 0.382). Subgroup analysis of VO 2 , VCO 2 , and energy expenditure was carried out separately on the term and preterm infants. After the two study periods, there were no significant diVerences in any of these variables in infants of gestation > 37 weeks (VO 2 : p = 0.355; VCO 2 : p = 0.095; energy expenditure: p = 0.194) or those of gestation < 37 weeks (VO 2 : p = 0.771; VCO 2 : p = 0.801; energy expenditure: p = 0.748). Further analysis of the preterm infants also showed no significant diVerences in VO 2 , VCO 2 , or energy expenditure after the two study periods among the infants of gestation < 34 weeks (VO 2 : p = 0.844; VCO 2 : p = 0.533; energy expenditure: p = 0.724).
Discussion
The metabolic eVects of phototherapy on newborn infants have always been a concern of paediatricians. Previous workers have shown impaired growth in infants during phototherapy. 22 Variation in VO 2 has been shown in moderately low birth weight infants receiving phototherapy in a cot or inside an incubator. 3 These metabolic eVects have been attributed to an increase in insensible water loss 11 23 or elevation of the environmental temperature during phototherapy. 3 In both full term and preterm infants, earlier studies have shown a significant increase in insensible water loss during phototherapy. 5 11 23 However, in these early studies, the measurement of insensible water loss was based on insensible weight loss estimated by intermittent or continuous weighing of the infants, with allowance made for water intake in food and water of oxidation, plus water lost in urine and stool. It has been pointed out by Doyle and Sinclair 24 that the measurements made in these studies were subjected to systematic errors because the accuracy of the estimate of insensible water loss depended on the estimates of water intake and water lost in urine and stool and the validity of the assumptions about water of oxidation. Other sources of error included absorption of water on to the weighing apparatus, and the potential hygroscopic properties of materials used for clothing or bedding. It has also been shown that the weight reading of the Potter baby scale used in some of these studies 11 is aVected by temperature change. 25 26 More precise estimation of the transepidermal and respiratory insensible water loss of newborns during phototherapy has been made by Kjartansson et al 17 18 using an evaporimeter and a mass spectrometer respectively. In 11 full term and eight preterm infants whose skin temperature was maintained at a constant level by servocontrol during phototherapy, this group of workers did not observe any significant change in VO 2 or water loss through the skin or the respiratory tract. This study was, however, limited by the small number of infants, and the fact that the infants had received phototherapy for only one hour before measurement. In the present study, the infants did not show any increase in VO 2 or resting energy expenditure after prolonged phototherapy for six hours. Our sample size of 222 has a power of 80% in detecting an increase of 2% in VO 2 and resting energy expenditure. The Deltatrac metabolic monitor used in our study uses a paramagnetic analyser for oxygen detection, which is based on diVerential pressure detection of inspiratory and mixed expiratory oxygen partial pressure. This enables direct measurement of the inspiratory minus expiratory oxygen fraction. The carbon dioxide fraction is detected by infrared absorption. The neonatal mode of the monitor allows measurement of small volume VO 2 . Its sensitivity and reproducibility has been validated, and the error of measurement has been estimated to be 1.9-4%. [27] [28] [29] The method allows fast and reproducible measurements without causing disturbance to the infants, which may aVect metabolic rate. 29 Our findings thus confirmed that the radiant energy from the phototherapy light does not significantly change the metabolic rate of thermally stable full term and preterm newborns. We did not measure skin or respiratory insensible water loss. Theoretically, because approximately 2.42 J is dissipated for every gram of water evaporated, our findings would imply that insensible water loss is not substantially increased by phototherapy. This would be consistent with the observations made by Kjartansson et al 17 18 in heat balanced infants. In full term infants 30 and newborn lambs, 31 Riesenfeld et al have shown that a high environmental temperature results in a significant increase in insensible water loss without any appreciable change in oxygen consumption. It thus appears that an increase in insensible water loss is caused principally by heat stress and not by photo-energy per se. One possible explanation for the lack of measurable increase in VO 2 in the subjects in the study of Riesenfeld et al is that during heat stress, transepidermal and respiratory insensible water loss is increased as a mechanism to dissipate heat to maintain a normal body temperature: when an equilibrium state is reached, heat gain from an external source and evaporative heat loss are balanced out, resulting in a measurable increase in insensible water loss but little change in metabolic rate. Infants receiving phototherapy with their skin temperature under servocontrol are not exposed to heat stress, and therefore there is little change in either VO 2 or insensible water loss. It has long been the practice for paediatricians to provide infants with extra fluid to compensate for increased insensible water loss during phototherapy. Although our study did not provide any direct information on the eVect of phototherapy on insensible water loss, our findings, plus those of previous workers, 17 18 30 31 do suggest that there may be a need to use diVerent strategies for rehydrating infants receiving phototherapy with and without servocontrol of their body temperature. Further studies are required to clarify this important clinical problem.
